Japanese Patent Publication No. 44-26125 
(Published on November 4, 19 69) 

Japanese Patent Application No. 42-18189 
(Filed on March 20, 1967) 

Title of the Invention: Electron emission device 
Applicant: Matsushita Electric Industrial Co., Ltd. 

Brief Description of Drawings : 

FIG. 1 shows a top view illustrating an electron 
emission device according to an embodiment of the present 
invention, FIG. 2 shows a sectional view taken along a line 
A- A 1 shown in FIG. 1, and FIG. 3 shows a magnified view 
illustrating major parts for explaining the operation. 

Detailed Explanation of the Invention: 

The present invention relates to an electron emission 
device based on a new principle which utilizes the tunnel 
effect and the secondary electron emission without using 
the thermionic emission phenomenon. 

An explanation will be made below about the structure 
and the operation principle thereof. 

In FIGS. 1 and 2, reference numeral 1 indicates a 
glass substrate, and reference numeral 2 indicates a 
secondary electron emissive substance such as tin oxide 
(Sn0 2 ) which is formed on the substrate 1 and which is 
composed of electrode lead sections 2a, 2b disposed at both 
ends and band- shaped sections 2c provided therebetween with 
narrow spacing distances intervening therebetween. 
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When the electrode lead sections 2a, 2b are connected 
to a DC power source to apply a voltage, a large electric 
field is formed at an end portion of a mutually opposing 
cross section of the band-shaped electron emissive 
substance 2c. The large electric field increases the 
probability of emission of electrons contained in the solid 
to the outside in accordance with the tunnel effect. On 
the other hand, the electric field is directed in the 
direction along the mutually opposing electron emissive 
substances. Accordingly, as shown in FIG. 3, the electrons 
eT, which are emitted in accordance with the tunnel effect, 
are accelerated by the electric field, and the electrons eT 
impact the mutually opposing secondary electron emissive 
substance 2c. Therefore, the secondary electron 
multiplication is performed by the impacted secondary 
electron emissive substance, and multiplied secondary 
electrons are formed in the impacted substance. Some of 
the secondary electrons es may be highly possibly emitted 
to the outside of the solid again depending on the 
scattering angle. The present invention intends to utilize 
the electrons emitted as described above by leading and 
guiding the electrons in the direction perpendicular to the 
substrate 1 . 

The electrons , which inflow from the end 2a or 2b of 
the electrode as described above, are moved through the 
band- shaped electron emissive substance 2c one after 
another while accompanying the secondary electron 
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multiplication action. Thus, the electrons, which are more 
multiplied as compared with the tunnel electrons based on 
the simple substance, are emitted. 

A specified embodiment will be explained below. 

NiCr, which was adopted as a secondary electron 
emissive material, was used as the electrodes 2a, 2b, 2c. 
Etching was performed with a solution of HC1 + H 2 0 = 3:1 so 
tha.t the spacing distance between the electrodes was 1 \x. 
When a voltage of 250 V was applied between the electrodes 
2a, 2b, then a current of 20 to 30 jxA was allowed to flow, 
and an emission current of 0.1 to 0.2 \xA was obtained. 

When the electrode 2c is single, it is desirable to 
adopt a form in which the effective length of the each of 
opposing portions of the electrodes 2a, 2b is long. It is 
desirable to adopt, for example, a comb-shaped electrode. 

As described above, according to the present 
invention, it is possible to obtain a highly efficient cold 
cathode by effecting the secondary electron multiplication 
for the electrons obtained in accordance with the tunnel 
effect . 

Claim : 

1 . An electron emission device comprising two 
secondary electron emissive substances which are connected 
to a power source and which constitute electrode lead 
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sections, and at least one secondary electron emissive 
substance which is provided between said two secondary 
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electron emissive substances, wherein adjoining opposing 
surfaces of said mutually opposing secondary electron 
emissive substances are formed perpendicularly to a 
direction of a magnetic field. 
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